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(57) Abstract 



A reusable circuit design (250, 300) for use with electronic design 
automation EDA tools in designing integrated circuits is disclosed, as 
well as reticle inspection and fabrication methods that are based on such 
reusable circuit design. Hie reusable circuit design (250, 300) is stored on 
a computer readable medium and contains an electronic representation of a 
layout pattern (260, 258, 302) for at least one layer of the circuit design on 
an integrated circuit The layout pattern includes a flagged critical region 
which corresponds to a critical region (256, 304) on a reticle or integrated 
circuit that is susceptible to special inspection or fabrication procedures. In 
one aspect of the reusable circuit design, the special analysis is performed 
during one from a group consisting of reticle inspection, reticle production, 
integrated circuit fabrication, and fabricated integrated circuit inspection. 
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mechanisms for making and inspecting reticles 
Background Of The Invention 

The present invention relates generally to integrated circuit design and 
fabrication systems. More specifically, the invention relates to mechanisms for 
generating and inspecting reticles. 

Generation of reticles and subsequent optical inspection of such reticles have 
become standard steps in the production of semiconductors. Initially, circuit 
designers provide circuit pattern data, which describes a particular integrated circuit 
(IC) design, to a reticle production system, or reticle writer. The circuit pattern data is 
typically in the form of a representational layout of the physical layers of the 
fabricated IC device. The representational layout typically includes a representational 
layer for each physical layer of the IC device (e.g., gate oxide, polysilicon, 
metallization, etc.), wherein each representational layer is composed of a plurality of 
polygons that define a layer's patterning of the particular IC device. 

The reticle writer uses the circuit pattern data to write (e.g., typically, an 
electron beam writer or laser scanner is used to expose a reticle pattern) a plurality of 
reticles that will later be used to fabricate the particular IC design. A reticle 
inspection system may then inspect the reticle for defects that may have occurred 
during the production of the reticles. 
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A reticle or photomask is an optical eienten, containing transparent and 
op**, semi-tmnsparenr, and phase shifting regions which rogerher define fire panenr 
of coplanrn feanrres in an e.ecrronic device snch as an ta.egra.ed circnir. Reticles are 
used dortag photolithography ro define specified regions of a semiconductor wafer for 
etching, ton imputation, or other fahricafion process. For many modem integrated 
circni, designs, an optical refioie's features are benveen ahoo, . and abou. 5 rimes 
tager than the corresponding features on the wafer. Fo, other expoaore systems (e g, 
x-ray, e-heam, and exfieme ultraviolet) a similar range of reduction rados also apply. 

Optica, reticles are typically made ftom a tmnspacen, medium such as a 
Wilicate glass or quartz plate on which is deposited on an opaque and/or semi- 
opaque layer of ctaomium o, orher suitaHe material. However, other ma* 
.echnoiogies ate employed for direct e-beam exposure (e.g., stencil masks), x-ray 
exposure (e.g., absorber maaks), eto. The retiole parte* may he created hy a laser or 
m e-heam direct write technique, fcr example, both of which are widely used In the 



art. 



After fabrication of eaoh reticle or group of re.ic.ea, each reticle is typically 
inspected hy illuminating U with Ugh, emanating from a controlled illuminator. An 
optical unage of the reticle ia constructed baaed on the portion of the Ugh. reflected, 
.mnsmitred, or otherwise directed to a Ugh. sens, Such inspection techniques and 
^ms are we,, known in fine art and are embodied in various commercta, produc* 

such as many of those available fiom KLA-Tencor Corporation of San Jose, 

California. 
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During a conventional inspection process, the optical image of the reticle is 
typically compared to a baseline image. The baseline image is either generated from 
the circuit pattern data or from an adjacent die on the reticle itself. Either way, the 
optical image features are analyzed and compared with corresponding features of the 
baseline image. Each feature difference is then compared against a single threshold 
value. If the optical image feature varies from the baseline feature by more than the 
predetermined threshold, a defect is defined. 

Although conventional reticle inspections provide adequate levels of detection 
accuracy for some applications, other applications require a higher sensitivity or 
lower threshold value (for identifying defects) while other applications require less 
stringent, higher threshold levels. Since conventional inspections analyze all features 
of a given type of reticle with the same threshold and analysis algorithm, some 
features are inspected too stringently while other are not inspected stringently enough. 

For example, critical features of an integrated circuit typically include gate 
widths of the semiconductor transistor devices. That is, a gate width on the reticle 
needs to produce a corresponding gate width on the circuit pattern within a relatively 
small margin of error in order for the fabricated IC device to function properly. If the 
threshold is set too high, these critical gate areas are not checked adequately enough. 
Conversely, other features, such as the widths of the interconnections between gate 
areas, do not affect the function of the integrated circuit as much as the gate area 
width and, thus, do not need to be inspected as stringently as other features, such as 
gate width. If the threshold is set too low, too many of these noncritical features may 
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be defcted as defects such that the inspection results - difficult to interpre. =nd/o, 
computational resources are overloaded. 

,„ sum, conventional inspeetion systems waste valuable resourees by 
meeting regie, of the retiele too subtly, and no. reliably peering other 
regions stringently enough. In outer words, the above described inspection system 
«. to relUM, detect defects within crirical areas and inefficiently inspects 
noncritical regions where somewhat larger defects wd, not present a problem. 
Conventional inspection systems and techniques are tmable to distinguish between 
critical and noncriticul areas of the reticle. Pu, in another way, eonventiona! design 
documentation (eg-, elecrronic reticle or integrated circuit information) fai, to 
„» trausmi, .he .C designer's inren, regarding .he circuit tolemnce a^ 
resu ,ting 1C device cfcneosiona ,o retide wtirer sys,ems, reticle inspection sys,ems, 
and ultimately wafer inspection systems. 

Wha, is needed is improved 1C documentation and apparatus for efficiently 
a„d reliably writing and inspecting reticles and wafers for defining wherher a 
reticle has defecu in critical areas, as well as noncritical areas. 
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Summary Of The Invention 

Accordingly, the present invention addresses the above problems by providing 
apparatus and methods for transmitting the designer's intent to the pattern generator, 
the reticle inspection system and ultimately to the wafer inspection system and for 
efficiently and reliably inspecting reticles. The present invention provides 
mechanisms for flagging critical or noncritical regions of an IC circuit pattern data 
base. Other design flow procedures, such as reticle production and inspection and IC 
device fabrication, may then be based on the flagged critical or noncritical areas of the 
IC circuit pattern database. 

In one embodiment, a circuit design for use with electronic design automation 
(EDA) tools in designing integrated circuits is disclosed. The circuit design is stored 
on a computer readable medium and contains an electronic representation of a layout 
pattern for at least one layer of the circuit design on an integrated circuit. The layout 
pattern includes a flagged critical region which corresponds to a critical region on a 
reticle or integrated circuit that is susceptible to a special inspection or fabrication 
procedure. The flagged critical region contains a flag that is readable by an inspection 
or fabrication system. In a preferred embodiment, the circuit design is reusable. 

In one aspect of the circuit design, the special analysis is performed during a 
technique selected from the group consisting of reticle inspection, reticle production, 
integrated circuit fabrication, and fabricated integrated circuit inspection. In another 
aspect of the invention, the circuit design includes (i) a base representation containing 
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the entiro iayou, pa-en, wdhou, denoting *= flagged critica, regron and (H, a shadow 
^motion .ha, flags *. critical rogion ^ - — *« ^ 

ta one embodimen,, b.* base and shadow rep.— are conflgured » 
together provide insnuctions for generating or inspecting a single reticle. 

,„ .other aapeo. of the invention, a tnedtod of producing a rcticie for an 
i^ted circui. device is dMosed. An eUchonic representation is provided « a 
^eie producing system. Ti. election, represent has a flagged crirical regto. 

rcuires a special production «echni q ue. A .ride hased on fhe election* 

n^ed ctitica, region of the electronic rep— is produced via the specia, 
auction technic and other regions of the reticle are product via a norma. 

potion — A — »"* fM ^ "** 

oode that implement dre above reticle producdon method is also described. 

lnan „ th er m ed,oda S pec.of*einvendo,a ra e,l^o,in S pec,inga re dc,efor 
oefiuhtg a circui, layer panem is provided. The redcle haa a special analysis region 
^ociaed witi, a critical region and a normal an*sis region assumed won a 
ttotroal region. An elecnomc representation of,hc circui, iayer pannm is provtded. 
T„e tepresenudon has a norma, region ofthe panern and a flagged cridcai region of 
the pa«en, A test reticle image of the reticle is provided. A baseline representation 

tettoic imago is compared to dac baseline represent such mat 0) regions of - 
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test reticle image and the baseline representation corresponding to the normal analysis 
region of the reticle are compared via a normal analysis and (ii) regions of the test 
reticle image and the baseline representation corresponding to the special analysis 
region of the reticle are compared via a special analysis. 

In a preferred embodiment, the comparison further includes determining 
whether a special parameter of the special analysis region is within a first threshold of 
an associated parameter of the baseline special analysis region. The comparison also 
may include determining whether a normal parameter of the special analysis region is 
within a second threshold of an associated parameter of the baseline normal analysis 
region. A computer readable medium for storing computer readable code that 
implements the above reticle inspection method is also described. 

In another apparatus aspect, a circuit design for use with electronic design 
automation (EDA) tools in designing integrated circuits is disclosed. The circuit 
design is stored on a computer readable medium and contains an electronic 
representation of a layout pattern for at least one layer of the circuit design on an 
integrated circuit. The layout pattern includes a flagged noncritical region which 
corresponds to a noncritical region on a reticle or integrated circuit that is susceptible 
to special inspection or fabrication procedure. The flagged noncritical region contains 
a flag that is readable by an inspection or fabrication system. 

In an alternative embodiment, the special inspection procedure includes using 

a low stringency threshold to compare the noncritical region of the reticle or 

integrated circuit to the flagged noncritical region of the layout pattern and using a 
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normal stringency threshold to compare a normal reg» 

• , •deoftheflaggednoncriticalregiontoanonnalregtonofthelay 
circuit that is outside of the nagg 

t de the flagged noncritical region of the layout pattern, 
pattern that is outside the llaggeu 

• , n has several advantages. For example, the present 
The present invention has several «* 

f n,nection an enhanced or special inspection 

invention allows more than one type of inspection, an 

• mis feature results in significant improvements to the 
and a normal inspection. This feature 

inspection process oy , insoe ction for certain critical 

Additionally by facilitating an enhanced inspection 
applications. Additionally, y 

r tVie nresent invention may contribute to » 
nf the reticle and/or wafer, the present invc 
areas of the renew « ctrnf . tu res must meet 

„ device yield W is, . IC device speed !«-*«— » 

tighKt MleB nce - *« - requirtog 

meaing d-ese — — — * ' S ' iremenG 

accompanying fig^ v*«* dluann. by w y 
invention. 
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Brief Description Of The Drawings 

The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, wherein like reference 
numerals designate like structural elements, and in which: 

Figure 1 is a flowchart illustrating an integrated circuit design process in 
accordance with one embodiment of the present invention. 

Figure 2 is a diagram of two electronic representations of layout patterns used 
to fabricate a transistor in accordance with one embodiment of the present invention. 

Figure 3 is a diagram of a portion of a circuit pattern database having a base 
layer representation and a shadow representation in accordance with one embodiment 
of the present invention. 

Figure 4 is a diagrammatic representation of a circuit pattern layout in 
accordance with one embodiment of the present invention. 

Figure 5A through 5C are corresponding database structures that represent the 
circuit pattern layout of Figure 4 in accordance with three embodiments of the present 
invention. 

Figure 6 is a flowchart illustrating the operation of Figure 1 of inspecting and 
evaluating the fabricated reticle in accordance with one embodiment of the present 
invention. 
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Figure 7 is a flowchart illustrating the operation of Figure 6 of comparing the 
test and baseline images in accordance with one embodiment of the present invention. 

Figure 8A is a diagram of a first example of an enhanced analysis and a 
normal analysis in accordance with one embodiment of the current invention. 

Figures 8B and 8C are diagrams of a second and third example of an enhanced 
analysis and a normal analysis in accordance with one embodiment of the current 
invention. 

Figum 9 shows a reticle inspection stauon-reticle stacker station upon which 
process of Figum 6 of inspecting the reticle would be implemented in a preferred 
embodiment of the present invention. 
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Detailed Description Of Specific Embodiments 

Reference will now be made in detail to a specific embodiment of the 
invention. An example of this embodiment is illustrated in the accompanying 
drawings. While the invention will be described in conjunction with this specific 
embodiment, it will be understood that it is not intended to limit the invention to one 
embodiment. On the contrary, it is intended to cover alternatives, modifications, and 
equivalents as may be included within the spirit and scope of the invention as defined 
by the appended claims. In the following description, numerous specific details are 
set forth in order to provide a thorough understanding of the present invention. The 
present invention may be practiced without some or all of these specific details. In 
other instances, well known process operations have not been described in detail in 
order not to unnecessarily obscure the present invention. 

Figure 1 is a flowchart illustrating an integrated circuit design process 100 in 
accordance with one embodiment of the present invention. Initially, in operation 102, 
an integrated circuit (IC) device is designed using any suitable design techniques. For 
example, an IC designer may use preexisting schematic library blocks to form the IC 
device using, for example, electronic design automation (EDA) tools. In some cases, 
the IC designer may create the IC device or part of the IC device from scratch with 
the aid of any suitable design system, such as conventional computer aided design 
(CAD) tools. For example, the IC designer may use a schematic CAD tool to plan the 
logic diagrams for a particular IC device. Still further, the IC designer may write a 
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. - the 1C de vi ce with the aid of a hardware 
description of the IC device or portions of the IC device 

design language, such as VHDL. 

Next „ ope*ion .04 ,be IC designer genm.es a cireni, pnnem database 

p^m **- is composed of a P« of *~* rem— o, .ayon, 
^ for .C iayers «. are ,a*r convex to a pUnaiity of * «- - - 
„ fcbficate apiumflty of physic, iayersof an .C device. Each physica, .aye, 
scared ,C device corresponds ,o one of*, redcies and an associated one ofme 

^senra-ion ma, correspond ,o a diffnaion panem on a *on subsna*, anorher » 

. gare oxide panem, anodrer ro . ga* P*-*- P— — » ' — ^ 
Mffl ^d i . 1 «<rtc,ano*er M . lte pa««rnona m e Bl U,adon to y«r, m daoo. 

Bae.re.ee.ronio^Uoniaco^posedofap^ofpoiygonaorod.erahapes 
^in.refened.oas-f.gnres-Xwhich.ogedrer define dre mdc.e panern. 

The cireni, panem debase may be general using any sndable rectal 

„ e*am,e, by nsing EDA or CAD «oofc cor e*an,p,e, *e ,C designer may 

^y ,a, - *e oi.fi. Panama for d,e ,C device wim or P— 

BbraIy cell , A „ema«ive„, a syndesis «. may — — >— 

for.be.Cdevicefromscra.cborbypiecing.oge.herpreexisfingHbrarycen, 

ta fifis invendon, dre cireni, patten, dat^ase may inclnde flagged pordona of 
^ eiecnonic represent tha, «ifl be used to infomt an inspecdon sya«em 
. .spec, cording portions of fire redoie andior fabled .C device according 
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to a special inspection process. The flagged portions may also be used to inform a 

fabrication system to fabricate corresponding portions of the reticle and/or IC device 

according to a special fabrication process. Mechanisms for flagging portions of the 

database and using such flagged portions to inspect or fabricate a reticle or IC device 

are further described below. 

After the circuit pattern database is generated, the circuit pattern database is 
used to produce a plurality of reticles in operation 106. The reticles may be produced 
by any suitable pattern generator or reticle writer equipment, such as a MEBES" 
4500, commercially available from ETEC of Hayward, California. 

Each reticle corresponds to one or more electronic representation(s) from the 
circuit pattern database. A reticle is then inspected in operation 108, and it is 
determined whether the reticle passes inspection in operation 110. If the reticle 
passes inspection, the reticle may then be used to fabricate a physical layer of the IC 
device in operation 1 12. However, if the reticle does not pass inspection, the reticle is 
either repaired or remade in operation 114, and the new reticle is inspected in 
operation 108. Operations 106 through 112 are implemented for each electronic 
representation of the circuit pattern database. 

The present invention may be implemented on any suitable inspection tools. 
For example, a KLA 301 or 35 1 Reticle Inspection Tool, commercially available from 
KLA-Tencor of San Jose, California, may be employed. One embodiment of an 
inspection system is described below in reference to Figure 9. 
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At lcaa „„= of the elecnonic rep— ns of ft. circuit parrern daaba* 
wU, include one or more flagged cHficnl region and ofter lagged normal 

reg i„ns. The flagged - W* * - - — - ™— *• 

cHicnl region of .ho reticle or of A* fabricated ,C device quires a spectal 

inspection or fabrication procedure. 

n. flagged region<s) ma, bo flagged by at* suitable technitme for 
disnnguislung dre flagged rogio„(a) from orber regions o, the iayer. For example, an 
electronic representation of a given layer ma, contain specific flags or rags on ce«atn 
ones o, ,b. -figures" maxing up tha, representation. In anorber embodiment, a 
specific ,a,er designadon ma, be used to idendf, orfag me critic*. region(s, In 
ot „er words, rwo layer types are used together to represent the same circuit layer 
representation. (The layer type containing «he flagged regions is sometimes referred 

« tt,a rt ther laver type is sometimes referred to 
to herein as a "shadow representation. The other layer typ 

herein as a "base representation.") 

Both the shadow and base represent may be used to fonn .he same 
as well as for inspecung the fabric .dele. A—Iy, an electronic 
may include muldple differ, shadow represent for flaggmg 
rypes of criflcal regions on .he same redole. Per example, one shadow 
^entadon may flag redone » be mooted wiflt a high sutngeney threshold love, 
or sensitivity level, while another may flag regions «o be msneoted wfth a specal 
aigoritlun. AUemadvely, noncrtdcial regions may b. flaggy » — «- * 



14 



WO 00/36525 PCT/US99/30240 
corresponding flagged regions are to be inspected with a low stringency threshold 
level, as compared to the normal regions. 

Figure 2 is a diagram of two electronic representations of layout patterns used 
to fabricate a transistor. Together, the two electronic representations provide a 
transistor representation 250 in accordance with one embodiment of the present 
invention. As shown, the transistor representation 250 includes (i) a poly layer 
electronic representation 254 representing a polysilicon layer of the transistor, and (ii) 
a diffusion layer electronic representation 252 representing the layout of a diffusion 
on a semiconductor substrate. The poly layer electronic representation 254 provides 
the pattern of the polysilicon layer including a gate area of the transistor 250. 

The diffusion layout pattern is indicated by a dotted boundary in electronic 
representation 252. Residing within the dotted boundary is an active region 258. It 
contains no critical regions and so has no flagged regions in this example. The 
polysilicon layout pattern is indicated by a solid boundary in electronic representation 
254. Residing within the solid boundary is a polysilicon strip 260. It contains a 
flagged critical region 256 at its gate electrode. In poly level electronic representation 
254, the critical region is defined by the intersection of active region 258 (from the 
diffusion electronic representation) and polysilicon strip 260. Thus, poly electronic 
representation 254 includes both a critical region 256 and a normal region including 
all of region 260 or at least the portions of 260 lying outside of critical region 256. 

The flagged region may be used to perform enhanced inspections and/or 

fabrication procedures for the reticle and/or fabricated IC device. For example, 

15 



PCTAJS99/30240 

00/36525 

ahhough .he flagged cmica. n+a and M -» * ta - " 

te polysilicon mdcie, «he flagged crtdcai region ma, afao be used ,o « - *• 

„dh,g crtdcai .egion of fl« reflCe ma, be subject ,o an enhanced haapecdon. 

„ding critical region of fl* mdcle may be subject to enbanced reucie 
fa.rtca.ion pmcedums, such as usnag a reUrtvel, naccow decon beam «o wn* One 
critical region of the reticle. 

Anysmmbletech^uem.,.* implemented for dishing da. norm* and 
orttica, regions. Two e*amp,s - now be prided to i,lus«m,e .be range of 
opdons. One way .o flag .be crtrtca! regions is .o use one or more shadow 
repres =m.do»(s>. Each shadow repmscn-on may flag one or mom speciflccnnca, 
re8ion( s, of a layout partem for a ieve, of me hrtegmmd cimoi. design undo, 
consideration. 

,„ „di,ion to .he shadow represen«adon ( s>, ft. Cecrtonic mpresemadon for a 
, ayer of a circui. design ma, inciude a base motion containing me enrtm 
partem (or a. ieas, .hose portions of .he panem outside me flagged mgionfs, m to 
^w^.fme.ayec^considamrtom^bascmpm^on^mc 

enli m panem, it may be used b, rtsef . fabricate .he m-icie, wh„c dae shadow 
.epmsenurtonismemiyused.ouadicau.crt.icaircgionofaaemrtoamacm^san 

enhanced inspecrton or fabrtcahon Thus, dae base represent ma, bo pmvided .o 
the partem generamr or mdcle wrtter so « redcies ma, be fabricated from me base 
smarten, wmie .he sbamw repmsemadonfs, am passed duough .0 the 
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inspection or fabrication equipment so that the reticles or fabricated IC devices may 
be inspected based on the shadow representation(s). Alternatively, the shadow 
representation(s) may also be used to fabricate the associated critical regions of the 
reticle (or possibly the IC device). 

More than one type of shadow representation may be used to indicate different 
types of inspection or fabrication procedures. For example, a set of shadow regions 
may be used to flag different regions of the reticle that require different inspection 
thresholds. By way of another example, the shadow regions may be used to flag 
different regions of the reticle that require qualitatively different inspection 
procedures, such as checking the region's area size or average width, as compared to 
merely checking the region's edge position. 

Following from the example of Figure 2, Figure 3 is a diagram of a portion of 
a circuit pattern database 300 having a base representation 306 and a shadow 
representation 308. Together representations 306 and 308 may denote a polysilicon 
layer of a transistor. In one embodiment, the base representation may be used to 
fabricate a reticle, while the shadow representation is not used to fabricate a reticle. 
Instead, the shadow representation may only be used to inspect the reticle or 
fabricated IC device or to fabricate the IC device. Alternatively, both the base and 
shadow representations may be used to fabricate the reticle. In this case, the critical 
regions of the shadow representation specify a special fabrication procedure (e.g., 
enhanced resolution by using narrower electron beams) while the base representation 
generally specifies a normal resolution fabrication procedure. 
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For inspection, the shadow repre*n,afion may be used alone or in conjuncfion 
«he base representation. When bnth .present are used, the base 
station win be provided to an inspect sysfcm ,. specify those regions of dr. 

or wafer subject to a noma, inspection procedure. The shadow representation, 
in comma, wilf feu the inspection system wbich regions of the reticie or wafer requue 
special inspection. Wben me shadow representation is used a>on«, the inspect 
sysK m may mspec, only those regions provided in rhe shadow represent (which 
deludes a, least me critica, regions). Alternatively, the shadow region may be used «o 
indicate areas requiring -educed sensitivity or no mspection al all. 

b, d* example shown, me base reparation 306 defines me partem of a 
po.ysilicon snip 302 tha, includes a orifica, porfion 304 mat is flagged as region 3.0 
ta underiying shadow representafion 30g. Tha, is, orifica, portions a* flagged b, 
^mshadowrepresemauons. As described above, the sbadow represent may 
to be used ,o perfonn speoial inspections a„d/or fabrication procedures for the 
reticle .d/or fabneated ,C device. tM. ma. wben a sbadow represent is used, 
* critical region may no, need to ho flagged in ma base represent. 

Tie base and sbadow mptesenmion may rake any convenient form readable 
by inspection or fabricafion systems (or compute, controlling sucb systems). 

containing a ,1s, of figures (shapes or polygons) and the, associated positions in a 
available and widely used. 
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Another technique for flagging critical regions of an electronic representation 

of circuit pattern layout for a particular layer involves providing a modified base or 

standard representation of the layer. This embodiment does not rely on a shadow 

representation. In this embodiment, a file or database table for the circuit layer under 

consideration contains a list of figures defining the pattern layout and an associated 

flag for at least those figures comprising a critical region. 

Any suitable database structure may be implemented for the circuit pattern 
database of the present invention. Figure 4 is a diagrammatic representation of a 
circuit pattern layout 400, and Figure 5A through 5C are corresponding database 
structures that represents the circuit pattern layout 400 of Figure 4 in accordance with 
three embodiments of the present invention. A circuit pattern layout (such as that 
depicted in Figure 4) may be provided as a reusable library cell for use with EDA 
tools, an original design custom made for a particular integrated circuit, or any other 
electronic representation used to depict layers in an integrated circuit design. 
Although only one layer is represented in the databases of Figures 5 A through 5C, of 
course, the database may include the entire set of layers that correspond to all 
physical layers of a particular IC device. 

As shown, the circuit pattern 400 includes a plurality of cell A's 410. Each 
cell A 410 includes a plurality of figures. As mentioned above, figures may be 
polygons or other shapes that when depicted together form an IC layer's pattern 
representation. For example, cell 410a includes figures 402a. 404a, 406a, and 408a. 
Each layer and cell may have one or more figures. Together these figures may define 
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A e panemhtg of a polygon layer a, a spa* loon-ion on an toteg^ — 
they tnay define the pattering o, anions in a subsuata, a 

assKi a t eawi,hapa^a lB8 o lfl a g assho™, i n Fi ^s 5A unou 6 h5C. 

Ua database smtcntres nta, be organraed in any suitable •» For «ampia, 
aaabase stnrctures may ba to th. form of a hierarchica, lis, of figures and caU, 
Ass bownin« S wa5 A , to ada B ba S a 5 0»fo I a S in 6 ,aia y a I rU y a I «")of*ac« 

desi8 „ UtctodeaaceU A definition 502, aceii B dafinifion 504, and a fisting of cell, 
506 Tba caii A definition 502 Wades four figures <*« ' *»* <>' ** 
figur e has a se, of the sizes and posifion of aacb figure 

. oel, A * oaU B definition 504 inoludea rwo can A, and thai, respective relattve 

position, — ""^ 

, ,„ , h . e-ii A 410a and three cell B's that 
506 includes a cell A that corresponds to rhe cell A 

conespond to the three cell B's 412a through 412c. 

Each fisuta la asso.ia.ad with a particular tag tha, todicatcs a type o, 
^cfion or fabfioarion procedure. Any suitable rag for distinguishing procedure 
^ may be implemented, fi or example, each tag ma, tndicate one of a plu^i, 
«feren, thteshold values for tospecfing dte cording reticle portions, to other 
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indicates a medium threshold, or a "3" which indicates a lowest threshold. 
Alternatively, as shown in Figure 5B, a tag may simply indicate whether or not to 
perform an enhanced inspection for the particular figure. For example, the tag is 
either a "1" or "0" value. 

By way of a final example, as shown in Figure 5C, a tag may indicate a 
particular inspection algorithm is to be implemented for the associated critical area of 
the reticle. The tag "gate" may indicate that an enhanced inspection for transistor 
gates is to be performed on figure 1 . The enhanced inspection for gates may include, 
for example, checking the average width or length of figure L The tag "contact" may 
indicate that an enhanced inspection procedure for contacts is to be performed on 
figure 3. The enhanced inspection procedure may be especially applicable to 
checking contacts. For example, the special inspection procedure for contacts may 
include checking the area of the contact (figure 3). 

The above described tags may facilitate inspection of reticles, as well as the 
fabricated IC device. For example, the flags may be used to select a particular 
inspection algorithm or to select the stringency level (e.g., threshold level) of the 
inspection for a particular region of the reticle and/or IC device. Additionally, the 
tags may facilitate fabrication of such reticles and/or IC devices. For example, the 
flagged regions may be used to indicate that special attention and care is to be given 
while fabricating the corresponding critical regions of the reticle and/or IC device. 

Figure 6 is a flowchart illustrating the operation 108 of Figure 1 of inspecting 

and evaluating the fabricated reticle in accordance with one embodiment of the 
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^ invention. htnUUy, in operation 60, a ^ image of *. « -» - 
e en.ra<ed or "tendered" from ure provided « P*- *— * 
imge may be general in any sui* « such as b, -* direcdy 
converting .he comems of the circuit partem database ado an image. AUemativCy, 
„ circuit partem database may he revered by simtdaring fabrication tesuUs nom 
maki „g a rede, tha, perfeed, matches me circui, partem daubase. For example, the 
^ofacircuirpa^inmebasehneimagemayberormded.oaccoun.foreo.cr 

rcu „ding ma, common* occurs duHng fabrication of a reriCe. The baseUne image 
may a,so InCude s-atcd opuca, effects ftom retrieving an oprica, image of me 
sim „,a,ed reriCe. Such opricai effects are neoesaarii, encountered when an opttcal 
insp ecrto„ technique is used to equate a teriCe. AddidonaUy, a vendot may ptov.de 
«. end uset of dte tetieie, e.g. a fabticadon * - the hase.ine image of the 
cetide and perfotm the above described sreps of haseime gene^don phase 60. . 

A „emaUve,y, .he baaehne image may he genemted from an adjacent die of me 

.pposedly idenricn, patterns on a ted* are generated, one for a baseline image and 

.wribed below Note that many reticles contain the layout 
one for a test image described oeiow. 

patterns of muldple identical (and adjacen.) die. 

After the baseUne image has been pmvided a. operarion 60,, the redo,, is 

ta operadon 604. Any suhabie meohamsm may be imp,ent.n,ed for obtaining dte test 
ta age. For «amp,e. an oprica, or ebeam image he obtahted. ,n operation 606, the 
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test image is compared to the baseline image. This comparison is based, in part, on 
the flagged critical regions of the provided circuit pattern database. In other words, 
the flagged regions indicate the type of inspection to be performed on the 
corresponding region of the reticle. 

Figure 7 is a flowchart illustrating the operation 606 of Figure 6 of comparing 
the test and baseline images in accordance with one embodiment of the present 
invention. In operation 702, a current region of the reticle is selected for analysis. It 
is then determined whether the current region is flagged as a critical region in 
operation 704. 

If the current region is flagged as a critical region, an enhanced analysis is 
performed on the corresponding critical region of the reticle, or representative test 
image, in operation 706. Otherwise, if the current region is not flagged, a normal 
analysis is performed in operation 714. 

The enhanced analysis may include any suitable type of inspection procedure 
for verifying whether the resulting reticle meets design specifications. In one 
embodiment, the enhanced analysis provides a way to inspect more stringently to 
determine whether the corresponding critical regions meet design specifications, as 
opposed to a less stringent inspection of normal, nonflagged regions. For example, an 
edge of the critical region on the test image may be compared to an edge of the 
baseline image, and it is then determined whether the edge positions vary by more 
than an enhanced threshold. By way of another example, the enhanced analysis may 
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*** a y different analysis tan, ft. — -»* « *> * «*- 

inspacUon algorism is -d for the — a.iysis than for ft. «— -»*■ 

A norura. atalysis may bo in the form of any insP=o.ion « k 

su « e for nnp.om.nnng on mos, regions of the rondo (a.,, the nomcrirical regions 
of ,„« reticle). For e*amp.e, >hc norma! analysis may • a convent threshold for 
spacing ft. norma, (or nonnagged, regions o, the reucle. Snch rhreshOds are 
typi O„ less shutgen. than .hose employed in critic* regions. In other wonis, soma 
.ariatiors from *e baseline tha, would console defects under enhanced analyses 

i „„_,, .-aivsis In some cases, the "noimal 
mU not constitute defects under normal analysts. 

ana.vsis" T " 
„ *. M features in *e unflaggen regions may bo so unimportant that rhey am 
aUowed to include any number of defects. CMP mattings may be one such type of 
feature. 

Fig „re 8A is a dtagmm o, a firs. example of an enhanced analysis and a 
nomra, aa*sis in accordance with one emhodunent of the ctnaen, invention. As 
shown, a test feature 806 <i,„ a feature under analysis) is compared m a baseltne 
feature 808. The base,ine feamre corresponds to expected resuUs, and the tes, feaurre 
corresponds to actual results of reticle fabrication. 

D „ri„g a normal anmysts, ute res, feature's edge positions are merely 
spared to the basehne feature, euge positions. As shown, a positive difference 
802a aud a negative difference 802b is calculated for the two edges. A torn. 
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positive and negative differences cancel each other out, so that the total difference 
between the feature sizes would be about equal to zero. If the design requirements 
specify that the test feature must not vary from the baseline feature by more than a 
normal threshold, the normal analysis may result in a defect that is undetected. More 
typically, the magnitudes of the edge position deviations are summed. In such cases, 
a defect would normally be found in the Figure 8A example. 

However, if some other parameter of the test feature is deemed more 
important than the positions of the test feature edges relative to the baseline feature 
edges, the feature may be flagged to indicate that a qualitatively different inspection 
to be performed. For example, the feature may be flagged as a gate (see Figure 5C) 
line to indicate that an average width 804a of the feature under analysis is to be 
compared to an average width of the baseline feature 804b. Alternatively, the feature 
may be flagged to indicate that the average width of the test feature must be within a 
predetermined range. These comparisons and analyses might be useful when the line 
or gate width is far more critical than an offset in the overall positions of the lines or 
gates. If both the line width and overall position are important, the region could be 
subject to both normal analysis (edge position) and enhanced analysis (line width). In 
the example of Figure 8A, a line width analysis would likely indicate that there is not 
a significant deviation between the baseline and current images (while the normal 
edge position analysis would indicate a defect). 

Figures 8B and 8C are diagrams of a second and third example of an enhanced 
analysis and a normal analysis in accordance with one embodiment of the current 
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tendon. As shown in Figure 8B, a ,es, fea.UK 856 is compared ,o a baseline feature 
852 . During a normal inspection, as described above, edge differences (e.g. 854) are 
caiculared between One res, and baselme feannea. in .his example, the edge 

over*,! size of ,ne M fearure is significant!, diflemn, from Una baseline feabne's 
size, .n connas, aa shown in Figure 8C, almough *e res. fearure 860 baa 
abou, Una same area size as ft. basebne feanne 858, Una edge differ migh. be 
rcl aflve,y large and no. cancel eaob ofter on, under a nomral a^lysis and, ftus, fte 
^ edge differences wfll be significnnr. fn sum, as sbown m Figure SB, signifies* 
. differences may no, be defend, and as show, in Figure 8C, idenbcal areas may 
result in defect detection. 

,n some applicanons, normal analysis is m>« adequa-e for inspecling ce«ain 

e^n minimum « s*e lo accommodale a parlicular energy Ibrougbpul, for 
example. Also, me padioular sbape of a comae, is no, import, as long as fte a*. . 
siz e is adequafe. According.,, dre presen, — allows me baseline M» ,o be 
flagged ,o indicafe an enbanced inspection to includes checking me a«a size. For 
example, me flag may indica,e to ,b. area of fte feamre under ana ly sis is ,o be 
compamd ,o me baseline feamre's area. Thus, it me area of certain reticle feamms . 
. imponam design reqniremen, me presen, invendon allows oo^ponding baseline 
im ages to be flagged as raring an e^^ed valvals to empfeys are. 
comparisons. 
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Turning back to Figure 7, after analysis is complete for the current region, it is 
then determined whether there is a defect in operation 708 (e.g., the edge position, 
area, or line width deviation between the baseline and current images is greater than a 
defined threshold). If there is a defect, an error report may be generated in operation 
710. It is then determined whether there are any more regions to inspect in operation 
712. If there are more regions to inspect, a new current region is obtained in 
operation 702 and analyzed. Otherwise, if there are no more regions, the process 606 
ends. 

The invention may be used with any suitable inspection or fabrication system. 
Figure 9 shows a reticle inspection station-reticle stocker station 900 where process 
108 of Figure 6 would be implemented in a preferred embodiment of the present 
invention. An autoloader 208 for automatically transporting reticles includes a robot 
212 having an arm 210 extending towards a inspection port 202 of a reticle inspection 
station 250. Arm 210 may rotate and can extend towards an external port 204 when 
in its state denoted by reference number 210'. Similarly, when in its state denoted by 
reference number 210", the robotic arm can also extend towards a storage port 206 of 
a reticle stocker station 216 that typically includes several slots or tracks for storing 
reticles. The robotic arm is designed to further extend and retrieve a reticle 214 from 
reticle stocker station 216. 

A typical inspection process, according to one embodiment of the present 
invention, may begin after reticle 214 is placed on external port 204, with the 
intention of storing the reticle in reticle stocker station 216 until it is used in a 
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subsequent inspection application, for example. Robotic arm in its position 2,0' 
.ansporta tire reticle from external port 204 and stores it in a loading pot. of reticle 
stoclter station 2, 6 by extending as shown in Figure 9. When me reticle is needed for 
production, for example, robotic arm 2,0" brieves reticle 2,4 from me ,oading port 
and places it on inspection port 202 of inspection system 250. 

The inspection sysfcm 250 is coupled with a computer system 252 where 
iuspection process ,08 of Figure 6 detailed above is canied out and i, is determined 
„h«her the retide has passed inspection. The computer system 252 may he integml 
„ inspection system 250 or separate from the inspection system 250. The inspection 
sysKm 250 receives data 254 regarding the designer's intent in the form of dan, 
genres, for example, having flags for regions that require special inspection. 
Additional,^ the computer system 252 receives image data from the inspection 
sys ,em 250. The image data is analyzed based, a, ,=as1 in pa* on the user's design 
intent data 254. After the retiCe inspection has concluded, reticle 2,4 is p,aced on 
external pot, 204 so ma. it ma, he earned to a fabrication facility for use, assuming of 
comae, tha, i, has passed inspection. ALematively, me reticle 2,4 may be repaired or 
remade. 

Suitable compnter sys.ema for use in implementing and conhoUing the 
naethods in the present invention (e.g., controUing the settings of ft* various scanning 
apparatus comments, retrieving database records specifying tegions of normal and 
enhanced analysis, storing baaelme image of the reticle, storing a new image of the 
reticle, comparing the new image with the baseline image, storing the location of 

28 



WO 00/36525 PCTAJS99/30240 
defects, etc.) may be obtained from various vendors. In one preferred embodiment, 
an appropriately programmed Silicon Graphics 0-200 computer (Mountain View, 
California) or Sun SPARC (Sun Microsystems, Sunnyvale, California) may be 
employed. In any case, the computer system preferably has one or more processors 
coupled to input/output ports, and one or more memories via appropriate buses or 
other communication mechanisms. 

The term "electronic representation" as used herein covers any machine 
readable representation. Typically, such representations are stored on magnetic, 
electronic, or optically readable media. The content of such representations may be 
transmitted as electrical signals, magnetic signals, electromagnetic signals, optical 
signals, etc. 

Preferably, an optical, electron beam, or other inspection system is integrated 
with a computer system which implements many of the method steps of this 
invention. Such composite system preferably includes at least (a) a baseline image 
(preferably compacted) stored in a memory, (b) an imaging system arranged to 
generate an optical or electron beam image of the reticle, and (c) a processing unit 
configured to compare the baseline and current test images and thereby identify 
defects. At a minimum, the imaging system will usually include (i) a source of 
illumination oriented to direct radiation onto a specified location of the reticle; and 
(ii) one or more detectors oriented to detect an image of the reticle from the source 
which has been scattered by the reticle. The imaging system may also include a 
scanning means. 
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Although the foregoing invention has been described in some detail for 
purposes of clarity of understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the appended claims. It should be 
noted that there are many alternative ways of implementing both the process and 
apparatus of the present invention. For example, critical areas of the circuit pattern 
ma y be flagged by providing tags within a corresponding schematic netlist or 
database, and the schematic database is then used to inspect the reticle. By way of 
another example, regions may be flagged to indicate a less stringent or no inspection 
(e.g., for the noncritical CMP layer). Additionally, the regions may be flagged to 
indicate an extra inspection analysis, in addition to a normal analysis that is 
performed on both the unflagged and flagged regions. Accordingly, the present 
embodiments are to be considered as illustrative and not restrictive, and the invention 
is not to be limited to the details given herein, but may be modified within the scope 
and equivalents of the appended claims. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A circuit design for use with electronic design automation (EDA) tools in 
designing integrated circuits, the circuit design being stored on a computer readable 
medium and containing an electronic representation of a layout pattern for at least one 
layer of the circuit design on an integrated circuit, the layout pattern comprising a 
flagged critical region which corresponds to a critical region on a reticle or integrated 
circuit that is susceptible to special inspection or fabrication procedure, wherein the 
flagged critical region contains a flag that is readable by an inspection or fabrication 
system. 

2. A circuit design as recited in claim 1 , wherein the circuit design is reusable. 

3. A circuit design as recited in claims 1 or 2, wherein the special analysis is 
performed during a process selected from the group consisting of reticle inspection, 
reticle production, integrated circuit fabrication, and fabricated integrated circuit 
inspection. 

4. A circuit design as recited in any of claims 1-3, wherein the circuit design 
includes (i) a base representation containing the entire layout pattern without denoting 
the flagged critical region and (ii) a shadow representation that flags the critical 
region without denoting the entire layout pattern. 
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5. A circuit design as recited in claim 4, wherein both the base and shadow 
representation are configured together to provide instructions for generating or 
inspecting a single reticle. 

6. A circuit design as recited in claims 4 or 5, wherein the base representation is 
configured to be converted into a single reticle while the shadow representation is 
configured to provide instructions to an inspection system used to inspect the single 
reticle. 

7. A circuit design as recited in any of claims 1-6, wherein the special inspection 
procedure includes using a high stringency threshold to compare the critical region of 
the reticle or integrated circuit to the flagged critical region of the layout pattern and 
using a normal stringency threshold to compare a normal region of the reticle or 
integrated circuit that is outside of the flagged critical region to a normal region of the 
layout pattern that is outside the flagged critical region of the layout pattern. 

8. A circuit design as recited in any of claims 1-6, wherein the special inspection 
procedure includes using ahigh stringency threshold to compare the critical region of 
the reticle or integrated circuit to the flagged critical region of the layout pattern and a 
normal region of the reticle or integrated circuit that is outside of the flagged critical 
region is not compared to a normal region of the layout pattern that is outside the 

flagged critical region of the layout pattern. 
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9. A circuit design as recited in claim 8, wherein the higher stringency threshold 
is used to compare a line width of the reticle critical region with a line width of the 
flagged critical region of the layout pattern. 

10. A circuit design as recited in claim 8, wherein the high stringency threshold is 
used to compare an area of the reticle critical region with an area of the flagged 
critical region of the layout pattern. 

11. A circuit design as recited in any of claims 1-10, wherein the special 
inspection is performed to determine whether there is a defect in the critical region. 

12. A circuit design as recited in any of claims 1-11, wherein the special 
inspection or fabrication procedure is qualitatively different from a normal inspection 
or fabrication associated with nonflagged regions of the layout pattern. 

13. A circuit design as recited in any of claims 1 - 1 2, the layout pattern comprising 
a second flagged critical region which corresponds to a second critical region on a 
reticle or integrated circuit that is susceptible to second special inspection or 
fabrication procedures that are quantitatively different from the first inspection or 
fabrication procedures. 

33 



PCT/US99/30240 

WO 00/36525 

14 . A circuit design * recited in any of claims 1-12, wherein the layout panem 
comprising a second nagged critical region which conesponds to a second critical 
rcgion on a reticle or integrated circuit that is susceptible to second special inspection 
or fabrication proceduns tha. are qualitatively different from the «rs< inspection or 
fabrication procedures. 

15. A method of producing a reticle for an integrated circuit device, comprising: 
providing an electronic representation of a layout pattern for the reticle 

to a reticle producing system, the electronic representation having a flagged critical 

region that indicates to the reticle producing system that an associated critical region 

of the reticle requires a special production technique; and 

producing a reticle based on the electronic representation, wherein the 

re p r esentationisproducedviamespecialproductionteclmiqu^ 
the reticle are produced via a normal production technique. 

16. The method as recited in claim 15, wherein the flagged critical region of the 
representation contains a flag that is readable by the reticle producing system. 

17. The method as recited in claims 15 or 16, wherein the flagged critical region is 
identified in a shadow representation which together with a base representation 
defines the entire layout representation. 
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18. The method as recited in any of claims 15-17, wherein the critical region of 
the reticle is produced with a different pattern generating setting than other portions 
of the reticle. 

19. The method as recited in claim 18, wherein the pattern generating setting 
selects a electron beam size. 

20. The method as recited in any of claims 15-19, further comprising inspecting 
the critical region of the reticle differently from other portions of the reticle. 

21. A computer readable medium containing program instructions for producing a 
reticle for an integrated circuit device, the computer readable medium comprising: 

computer readable code for providing an electronic representation to a 
reticle producing system, the electronic representation having a flagged critical region 
that indicates to the reticle producing system that an associated critical region of the 
reticle requires a special production technique; 

computer readable code for producing a reticle based on the electronic 
representation, wherein the critical region of the reticle associated with the flagged 
critical region of the electronic representation is produced via the special production 
technique and other regions of the reticle are produced via a normal production 
technique; and a computer readable medium for storing the computer readable codes. 
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22. A method of inspecting a reticle for defining a circuit layer pattern, the reticle 
having a special analysis region associated with a critical region and a normal 
analysis region associated with a normal region, the method comprising: 

providing an electronic representation of the circuit layer pattern, the 
representation having a normal region of the pattern and a flagged critical region of 
the pattern; 

providing a test reticle image of the reticle; 

providing a baseline representation containing an expected pattern of 
the test reticle image; and 

comparing the test reticle image to the baseline representation such 
that (i) regions of the test reticle image and the baseline representation corresponding 
to the normal analysis region of the reticle are compared via a normal analysis and (ii) 
regions of the test reticle image and the baseline representation corresponding to the 
special analysis region of the reticle are compared via a special analysis. 

23. A method as recited in claim 22, wherein the test reticle image is an electronic 
optical image. 

24. A method as recited in claims 22 and 23. wherein the special analysis is 
performed at a more stringent threshold than the normal analysis. 
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25. A method as recited in any of claims 22-24, wherein the normal analysis 
compares edge positions of corresponding features in the test reticle image and the 
baseline representation using a first threshold and the special analysis compares edge 
positions of corresponding features in the test reticle image and the baseline 
representation using a second threshold. 

26. A method as recited in any of claims 22-24, wherein the special analysis 
compares line widths of corresponding features in the test reticle image and the 
baseline representation. 

27. A method as recited in 26, wherein the corresponding features are gate 
electrodes. 

28. A method as recited in any of claims 22-24, wherein the special analysis 
compares areas of corresponding features in the test reticle image and the baseline 
representation. 

29. A method as recited in 28, wherein the corresponding features are vias or 
contact holes. 

30. A method as recited in any of claims 22-29, the comparison comprising 
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determining whether a special parameter of the special analysis region 
is within a first threshold of an associated parameter of the baseline special analysis 
region. 

31. A method as recited in claim 30, the comparison further comprising 

determining whether a normal parameter of the special analysis region 
is within a second threshold of an associated parameter of the baseline normal 
analysis region. 

32. A method as recited in claim 31, wherein the second threshold has a greater 
value than the first threshold. 

33 . A method as recited in claims 3 1 or 32, wherein the special parameter is an 
average width or width of a line in the special analysis region. 

34. A method as recited in claim 33, wherein the normal parameter is an edge 
position of the test normal analysis region. 

35. A method as recited in claims 31 or 32. wherein the special parameter is an 
area of a feature in the special analysis region. 
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36. A method as recited in any of claims 22-35. wherein the special analysis 

implements a qualitatively different algorithm than the normal analysis. 



37. A method as recited in any of claims 22-36, wherein the baseline image is a 
rendered version of the representation of the circuit layer pattern that includes test 
effects. 

38. A computer readable medium containing program instructions for inspecting a 
reticle for defining a circuit layer pattern, the reticle having a special analysis region 
associated with a critical region and a normal analysis region associated with a 
normal region, the computer readable medium comprising: 

computer readable code for providing an electronic representation of 
the circuit layer pattern, the representation having a normal region of the pattern and a 
flagged critical region of the pattern; 

computer readable code for providing a test reticle image of the reticle; 

computer readable code for providing a baseline representation 
containing an expected pattern of the test reticle image; 

computer readable code for comparing the test reticle image to the 
baseline representation such that (i) regions of the test reticle image and the baseline 
representation corresponding to the normal analysis region of the reticle are compared 
via a normal analysis and (ii) regions of the test reticle image and the baseline 
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representation corresponding to the special analysis region of the reticle are compared 
via a special analysis; and 

a computer readable medium for storing the computer readable codes. 

39. A circuit design for use with electronic design automation (EDA) tools in 
designing integrated circuits, the circuit design being stored on a computer readable 
medium and containing an electronic representation of a layout pattern for at least one 
layer of the circuit design on an integrated circuit, the layout pattern comprising a 
flagged noncritical region which corresponds to a noncritical region on a reticle or 
integrated circuit that is susceptible to special inspection or fabrication procedure, 
wherein the flagged noncritical region contains a flag that is readable by an inspection 
or fabrication system. 

40. A circuit design as recited in claim 39, wherein the special inspection 
procedure includes using a low stringency threshold to compare the noncritical region 
of the reticle or integrated circuit to the flagged noncritical region of the layout 
pattern and using a normal stringency threshold to compare a normal region of the 
reticle or integrated circuit that is outside of the flagged noncritical region to a normal 

region of the layout pattern that is outside the flagged noncritical region of the layout 

pattern. 
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